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SPREAD SPECTRUM COMNUNI CATION DEVICE 
AND COMMUNICATION SYSTEM 

The present application is a continuation of 
5 application Serial No. 09/558,373, filed April 26, 2000; 
which is a continuation of application Serial No. 
08/875,182, filed July 21, 1997, now U.S. Patent No. 
6,134,264, the contents of which are incorporated herein 
by reference. 
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BACKGROUND OF THE INVENTION 

The present invention relates to surface acoustic 
wave devices and communication devices. 

In conventional spread spectrum communication 

15 devices using the direct spreading method, a Barker code 
was used as a pseudo noise code as described in 1985 
ULTRASONICS SYMPOSIUM proceedings, pp. 145-148, for 
example. It is known that this code does not depend on 
the arrangement of an information code sequence and this 

20 code has an auto-correlation side lobe of 1. 

The Barker code has been found with the code length 
of 13 or less. The Barker code has not been found with a 
code length exceeding it. In the case where a processing 
gain of a code length of at least 14 was required, 

25 therefore, a code other than the Barker code, such as the 
longest code sequence was used. In these code sequences, 
however, a large side lobe rise is caused when the sign 
of the information code is inverted. In general, 
therefore, the error rate is increased. 

30 An object of the present invention is to solve the 

above described problem and provide a novel structure 



of a spread spectrum communication device which uses a code sequence 
having a code length of at least 14, which does not depend on the 
arrangement of the information code, and which suppresses the side lobe rise 
of correlation signals. 

5 

SUMMARY OF THE INVENTION 

The above described object can be achieved by employing a code 
sequence used by the present invention, i.e., a code shown in TABLES 1 
through 9 as the pseudo noise code for spreading the power density spectrum 

10 of an input signal. 

It has been confirmed by calculation conducted by the present 
inventors that the code shown in TABLES 1 through 9 has an auto-correlation 
coefficient side lobe of 3 or less. If this code is used, therefore, there is 
obtained a novel spread spectrum communication device and communication 

15 system which has a processing gain having an auto-correlation coefficient 
side lobe of at least 14, which does not depend on the arrangement of the 
information code, which suppresses the side lobe rise of the correlation 
signal, and which makes the error rate small. In addition, a surface acoustic 
wave device utilizing this characteristic is obtained. 

20 The present invention relates to a novel code having a processing gain 

with a code length of at least 14 and an auto-correlation side lobe of 3 or less. 
The code length is determined in some cases by using harmon- 



ics of the crystal (oscillation frequency in the case 
where a frequency multiplier is used). In other cases, 
the code length is generated independently of the clock 
frequency of the baseband digital circuit. 
5 It is now assumed that the code length is 

determined by using harmonics of the crystal. If harmon- 
ics are generated by distorting the oscillation waveform 
of the clock frequency in order to make harmonic compo- 
nents large, for example, only odd-number components 

10 included in harmonic components are typically generated. 
If its odd-number components are used as the clock of 
pseudo noise code generator, therefore, a value obtained 
by dividing the clock of the pseudo noise code generator 
by the clock frequency of the baseband digital circuit, 

15 i.e., the code length is obtained. To be concrete, an 
odd-numbered code length such as 15, 17, 19, ... is 
obtained. 

In the case where the obtained odd-numbered 
code length is applied to a spread spectrum communication 

20 device, two code lengths are combined and used in some 

cases. To be concrete, it is a result of multiplication 
of odd-numbered code lengths. A value of at least 14 
such as 15, 21, 25, 27, ... is used as the code length. 

In the case where the code length is generated 

25 independently of the clock frequency of the baseband 
digital circuit, it doesn't matter at all whether the 
code length is even-numbered or odd-numbered and conse- 
quently values of at least 14, i.e., values 14, 15, 16, 



4 



17, ... are obtained. 

In either case, a pseudo noise code formed by 
a large number of combinations in respective code lengths 
is present. Out of them, the present inventors found a 
5 novel code which is 3 or less in auto-correlation side 
lobe and which is effective as the pseudo noise code used 
for spreading the power density spectrum of an input 
signal. The present inventors also found a novel pseudo 
noise generator capable of executing spreading (or 
10 de-spreading) of the power density spectrum of an input 
signal by using those codes. 

The following TABLES 1 through 9 show the 
pseudo noise code concerning the present invention. 
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20815162 


29650650 


52082271 


52401586 


52417970 


69590574 


70752046 


79132430 


162536693 


162873112 


162889496 


169410125 


191808624 


194459536 


236838308 


244282500 


245185924 
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BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a system block diagram of a spread 
spectrum communication device showing a first application 
example of the present invention; FIG. 2 is a diagram 
5 illustrating a signal code sequence; FIG. 3 is a system 
block diagram of a part of a communication device showing 
a second application example of the present invention; 
FIG. 4 shows a surface acoustic wave device using a 
second application example of the present invention; FIG. 
10 5 is a system block diagram of a spread spectrum communi- 
cation device showing a third application example of the 
present invention; FIG. 6 shows a code sequence used in 
the third application example of the present invention; 
FIG. 7 shows a matched signal used in the third applica- 
15 tion example of the present invention; FIG. 8 shows the 
frequency response of a matched filter used in the third 
application example of the present invention; FIG. 9 
shows a conventional Barker code (13 chips); FIG. 10 
shows a matched signal in the case where the conventional 
20 Barker code (13 chips) is used; FIG. 11 shows the fre- 
quency response of a matched filter in the case where the 
conventional Barker code (13 chips) is used; FIG. 12 
shows tap coefficients of a matched filter using a fourth 
application example of the present invention; FIG. 13 
25 shows a matched signal used in the fourth application 
example of the present invention; FIG. 14 shows tap 
coefficients of a matched filter using a fifth applica- 
tion example of the present invention; FIG. 15 shows a 
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matched signal used in the fifth application example of 
the present invention; FIG. 16 is a system block diagram 
of a spread spectrum communication device showing a sixth 
application example of the present invention; FIG. 17 is 
5 a system block diagram of a part of a communication 
device showing a seventh application example of the 
present invention; FIG. 18 is a system block diagram of a 
part of a communication device showing an eighth appli- 
cation example of the present invention; FIG. 19 is a 

10 system block diagram of a part of a communication device 
showing a ninth application example of the present inven- 
tion; FIG. 20 is a system block diagram of a part of a 
communication device showing a tenth application example 
of the present invention; FIG. 21 is a system block 

15 diagram of a part of a communication device showing an 
eleventh application example of the present invention; 
and FIG. 22 shows a communication system using a device 
shown in a twelfth application example of the present 
invention. 



20 BEST MODE FOR CARRYING OUT THE INVENTION 

Hereafter, modes for carrying out the present 
invention will be described by referring to FIGS. 1 
through 23 . 

However, some modes hereafter described are 
25 shown in order to explain application examples for carry- 
ing out the present invention. Modes for carrying out 
the present invention are never limited to application 
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examples described here. 



FIG. 1 is a diagram schematically showing a 



spread spectrum communication device to which the present 
invention has been applied. An information signal is 
5 inputted from an input terminal 1, multiplied in a mixer 
2 by a signal supplied from a pseudo noise code generator 
3, furthermore multiplied in a mixer 4 by a carrier 
supplied from an oscillator 5, amplified in an amplifier 
6, and output ted from an antenna 7. Here, a code shown 
10 in TABLES 1 through 9 was used as the pseudo noise code. 



circuit 9, and taken out from an output terminal 10 as an 
15 information signal. Here, a code similar to the above 
described code was used as a reference code for demodu- 
lating the information. (It coincides with the pseudo 
noise code of the transmitter. ) FIG. 2 is a diagram 
showing a signal code sequence. In the case of the 
20 synchronous detection system, a signal code sequence Sk 

corresponds to 1 and 0 of the information code, and it is 
represented as 



In a receiving system, a signal inputted from 



the antenna 7 is amplified in an amplifier 8, demodulat- 



ed, converted to a digital signal in a square wave output 





{ Expression 1 ) 



-/it, 



WodO/n) 



(data=Qorl) 
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where mj (j = 1, 2, ... , n; n = code length) corresponds 
to a pseudo noise code bj shown in TABLES 1 through 9, 
and it is represented by the following equation. 

r Kbj = 1) 

m . = (Expression 2) 

1 -Hbj = 0) 



In the same way, in the case of the delay detection 
system, the signal code sequence Sk is represented by the 
following equation. 

S k = (Expression 3) 

Denoting a reference code of the receiving side by Mj, a 
correlation coefficient Ok is represented by the follow- 
ing equation. 

n 

O k = Yl S ky-i M j (Expression 4) 



In the case where Mj = m j , the correlation coefficient Ok 
represents an auto-correlation coefficient and it is 
represented by the following equation. 
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Ok = S 5 *+y-i m y (Expression 5) 

Sub-peaks other than correlation peaks (mod(k/n) = 1) are referred to as side 
lobes. As this value becomes smaller, the error rate of the receiver is typically 

5 reduced. For the case where the code length is at least 14, such a code that 
the side lobe value calculated by using the Expression 5 is 3 or less is shown 
in TABLES 1 through 9. Calculation conducted here corresponds to all 
arrangements (0, 0), (0, 1), (1, 0) and (1, 1) of 0 and 1 of the information code. 
(The above described 0 and 1 of the information code indicate that they are 

10 mutually in the relation of inverted code.) Calculation was conducted as to 
such an arrangement of Sk that signs whereby mj is multiplied are (-*-, +, -). 
That is, calculating to Expression 5 above is performed o a single code 
sequence S k which includes M js have signs (+,+,-), respectively (i.e., 
Sk=+Mj,+Mj-Mj). (In the remaining case where the signs are (-, +), a result 

15 equal in absolute value and opposite in sign to the above described result is 
obtained. In other words, only the polarity is different. Therefore, the above 
described calculation alone suffices.) 

In TABLES 1 through 9, "bj" is a derived code sequence, and "number" is a 
value obtained by regarding the "bj" as a binary number and converting it to a 

20 decimal number. Furthermore, "max corr. (forward)" is a side lobe value, and "max 
corr. (backward)" is a maximum value of correlation value obtained in the case 
where codes are 
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reversed bilaterally. Furthermore, "dc level" is the sum 
total of n "mj"s. As a matter of course, similar results 
are obtained even if code inversion (1<=*0) is conducted 
on these codes. Since it takes an enormous time to 
5 conduct calculations, inverted codes are omitted for 
lengthy code lengths. If these codes are used as the 
pseudo noise code, there is obtained a spread spectrum 
communication device having a processing gain of at least 
14 in auto-correlation side lobe, having smaller 

10 time-axis side lobes of received matched signal, having a 
smaller error rate, and having favorable characteristics. 

A second application example of the present 
invention will now be described by referring to FIG. 3. 
The same components as those in FIG. 1 showing the first 

15 application example are denoted by like numerals. FIG. 3 
is a diagram showing a receiving part of the second 
application example of the present invention. A received 
signal taken in from an antenna 7 is amplified in an 
amplifier 8, converted to a matched signal in a matched 

20 filter 11, detected in a detector circuit 12, demodulat- 
ed, converted to a digital signal by a square wave output 
circuit 13, and outputted from an output terminal 10. In 
the present application example, a matched filter is used 
as a demodulating element. This results in a feature 

25 that the circuit can be simply formed. 

A third application example of the present 
invention will now be described by referring to FIGS. 4 
and 5 . 
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FIG. 4 is a diagram schematically showing a 
SAW (surface acoustic wave) matched filter 18. On a SAW 
substrate 14, an input interdigital electrode set 15 and 
an output interdigital electrode set 16 are disposed. 
5 Furthermore, in order to suppress a reflected wave coming 
from a substrate face, a sound absorbing material 17 is 
coated. The input interdigital electrode set 15 has such 
a structure that the electrode polarity is inverted every 
electrode. (The electric polarity differs depending upon 

10 whether the electrode is connected to an upper common 
electrode or a lower common electrode. ) The output 
interdigital electrode set 16 has a matched filter struc- 
ture in which the electrode polarity is inverted in 
association with the pseudo noise code. As the substrate 

15 14, an ST-cut crystal substrate is used in order to 

prevent the center frequency from being shifted due to 
the temperature. 

FIG. 5 is a system block diagram of the pres- 
ent application example. The same components as those in 

20 FIG. 1 showing the first application example are denoted 
by like numerals. A received signal taken in from an 
antenna 7 is amplified in an amplifier 8, converted to a 
matched signal in a SAW matched filter 18 of the present 
application example, multiplied in a mixer 20 by a signal 

25 preceding it by one information bit and delayed in a SAW 
delay line 19 and thus detected, converted in a square 
wave output circuit 13 to a digital signal, and outputted 
from an output terminal 10. In the present application 
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example, delay detection is conducted by using an SAW 
element. This results in a feature that the detector 
circuit can be formed more simply. 

FIG . 6 is a diagram showing mj corresponding 
5 to a 25-chip code bj of number (num) 947565 shown in 
TABLE 7. 

FIG. 7 is a diagram showing a matched signal 
waveform in the case where this mj code is used on the 
transmitting side and the reference code of the matched 
10 filter on the receiving side is made the same. The 

carrier frequency is 300 MHz, and the information rate is 
1 Mbps. At this time, a favorable side lobe suppression 
factor (peak to side lobe ratio D/U = 18.2 dB ) is ob- 
tained. 

15 FIG. 8 is a diagram showing the frequency 

response of the matched filter of the present application 
example. In FIG. 8, ripples on the frequency response 
correspond to side lobe deterioration. For the purpose 
of comparison, the case where the conventional 13-chip 
20 Barker code is used will now be also described. 

FIG. 9 is a diagram showing mj corresponding 
to this Barker code. 

FIG. 10 is a diagram showing the matched 
signal waveform in the case where this mj code is used on 
25 the transmitting side and the reference code of the 

matched filter on the receiving side is made the same. 

In the same way as the present application 
example, the carrier frequency was set equal to 300 MHz 
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and the information rate was set equal to 1 Mbps. A side 
lobe suppression factor (peak to side lobe ratio D/U « 
22.1 dB) was obtained. 

FIG. 11 is a diagram showing the frequency 
response of the matched filter in the case where the 
Barker code is used. It is shown that ripples are com- 
paratively small and the side lobe suppression factor is 
large. 

As described above, use of the present appli- 
cation example makes it possible to obtain a communica- 
tion device having a chip length of 25 and improve sig- 
nificantly the processing gain at the sacrifice of only a 
slight side lobe deterioration as compared with the case 
where the conventional Barker code is used. 

A fourth application example of the present 
invention will now be described by referring to FIGS. 12 
and 13. In the above described third application exam- 
ple, the side lobe suppression factor was D/U = 18.2 dB. 
In the present application example, however, further side 
lobe suppression is conducted. 

FIG. 12 is a diagram showing a reference 
25-chip tap coefficient Mj of the receiving side in the 
present application example. In order to conduct side 
lobe suppression of the matched signal, respective taps 
are provided with weights. 

FIG. 13 shows a matched signal waveform in the 
case where the mj code of the third application example 
are used on the transmitting side and respective taps of 
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the matched filter of the receiving side are provided with weights 
corresponding to the above described reference code NJ. Coefficients of FIG. 
12 were derived by using an optimization algorithm. The carrier frequency is 
300 MHz, and the information rate is 1 Mbps. By doing so, a favorable side 
lobe suppression factor (peak to side lobe ratio D/U = 19.8 dB) as compared 
with the third application example is obtained without increasing the number 
of taps of the receiving side. 

A fifth application example of the present invention will now be 
described by referring to FIGS. 14 and 15. In the fourth application example, 
the number of taps was set equal to 25 equally for both the transmitting side 
and the receiving side. In the present application example, however, the 
number of taps on the receiving side was set equal to 49 in order to conduct 
further side lobe suppression. 

FIG. 14 is a diagram showing the reference 49-chip tap coefficient NJ 
on the receiving side of the present application example. For matched signal 
side lobe suppression, respective taps are provided with weights. 

FIG. 15 is a diagram showing a matched signal waveform in the case 
where the mj code of the third application example is used on the transmitting 
side and respective taps of the matched filter on the receiving side are 
provided with weights corresponding to the above described reference code 
MJ. Coefficients of FIG. 14 
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were derived by using the optimization algorithm. The carrier frequency is 300 
MHz, and the information rate is 1 Mbps. As compared with the conventional 
case where the Barker code is used, a favorable side lobe suppression factor 
(peak to side lobe ratio D/tJ = 24.4 dB) is obtained. 

5 A sixth application example of the present invention will now be 

described by referring to FIG. 16. The same components as those in FIG. 5 
showing the third application example are denoted by like numerals. In the 
third application example, demodulation is conducted directly in the 
transmission signal band. Since the frequency is high, however, signal 

10 processing is difficult in some cases. In the present application example, the 
frequency is lowered by multiplying the received signal with a signal 
generated by an oscillator 22 conducted in a mixer 21 and thereafter 
demodulation processing is conducted. If the present application example is 
used, demodulation processing with a comparatively low frequency band is 

15 possible, resulting in a feature of easy circuit design. 

A seventh application example of the present invention will now be 
described by referring to FIG. 17. 

FIG. 17 is a diagram showing a receiving part of a communication 
device in the seventh application example. The same components as those in 

20 FIG. 3 showing the second application example are denoted by like numerals. 
In the second application example, demodulation is 
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conducted by using a matched filter. In the case where the information rate is 
slow, however, the device size of the matched filter becomes large. In the 
present application example, an signal outputted from a pseudo noise code 
generator 23 is multiplied in a mixer 24 by a carrier signal of an oscillator 25 

5 having the same frequency as that of the carrier, and a resultant signal is syn- 
chronized with the received signal and it is multiplied in a mixer 26 by the 
received signal. As a result, a demodulated signal can be obtained. The 
present application example has a feature that signal demodulation can be 
conducted without increasing the device size even in the case where the 

10 information rate is comparatively slow. 

An eighth application example of the present invention will now be 
described by referring to FIG. 18. 

FIG. 18 is a diagram showing a receiving part of a communication 
device in the eighth application example. The same components as those in 

15 FIG. 3 showing the second application example are denoted by like numerals. 
In the seventh application example, a pseudo noise signal is generated to 
conduct demodulation. On the receiver side as well, however, a signal 
generator is needed, resulting in a large circuit scale. In the present 
application example, a carrier frequency oscillator 28 is multiplied in a mixer 

20 27 by the received signal. Furthermore, a resultant signal is converted to a 
digital signal by a detector circuit 29 and a square wave 
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output circuit 30. In a digital correlation signal processing circuit 31, the digital 
signal is subjected to processing according to the equation of the Expression 
4 and the equation of the Expression 5. In the present application example, 

correlation demodulation processing can be conducted by using digital 

-v. 

5 processing. This results in a feature that the device can be fabricated at 

comparatively low cost in the case where the information rate is comparatively 
slow, or the pseudo noise code length is short. 

A ninth application example of the present invention will now be 
described by referring to FIG. 19. 

io FIG. 19 is a diagram showing a receiving part of a communication 

device in the ninth application example. The same components as those in 
FIG. 17 showing the seventh application example are denoted by like 
numerals. In the eighth application example, demodulation is conducted in the 
digital circuit. In the case where the information rate is fast and the pseudo 

15 noise code length is long, processing cannot be conducted in some oases 
because the clock frequency of the digital circuit is low. In the present 
application example, a signal outputted from a pseudo noise code generator 
23 is multiplied in a mixer 24 by a carrier signal of an oscillator 25 having the 
same frequency as the carrier. A resultant signal and the received signal are 

20 subjected to convolution integral processing in a convolver 32 which is a 
correlation element. Furthermore, a resultant signal is 
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subjected to demodulation in a detector circuit 33. The 
present application example has a feature that the demod- 
ulated signal can be obtained comparatively easily so 
long as the carrier frequency can be synchronized with 
5 the pseudo noise code cycle, even in the case where the 
information rate is fast and the pseudo noise code length 
is long. 

As compared with the sixth through ninth 
application examples, the case where the matched filter 
10 is used as in the second and third application examples 
has a feature that signal synchronizing is unnecessary 
because the code on the receiving side is fixed. On the 
contrary, the sixth through ninth application examples 
have a feature that the reference code on the receiving 
15 side can be changed freely so as to correspond to the 
! code on the transmitting side because the code is vari- 
able. 

A tenth application example of the present 
invention will now be described by referring to FIG. 20. 

20 FIG. 20 is a diagram showing a detection part 

of a communication device in the tenth application exam- 
ple. In the present application example, a delay detec- 
tion system is used as the detection system, and demodu- 
lation is conducted by multiplying a current signal, in a 

25 mixer 35, by a signal preceding a current signal by one 
information bit supplied from a delay line 34. In the 
present application example, the detector circuit can be 
simplified. 
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An eleventh application example of the present 
invention will now be described by referring to FIG. 21. 

FIG. 21 is a diagram showing a detection part 
of a communication device of the eleventh application 
5 example. In the present application example, a synchro- 
nous detection system is used as the detection system, 
and demodulation is conducted by multiplying a clock 
reproduced by a clock detection circuit 36, in a mixer 
35, by a signal. In the present application example, a 

10 better error rate than that of the delay detection system 
is obtained. 

A twelfth application example of the present 
invention will be now described by referring to FIG. 22. 

FIG. 22 is a diagram showing a communication 

15 system of the twelfth application example. In the pres- 
ent application example, communication devices of the 
present system are used in a LAN. Present communication 
devices 41 and 42 are connected to a LAN cable 38. 
Present communication devices 40 and 43 are connected to 

20 terminals 39 and 44. Present communication devices 46 
and 47 are connected to terminals 45 and 48. Between 
terminals (without a wire system between), communication 
can be conducted freely. If the present application 
example is used, it is not necessary to connect each 

25 terminal to a LAN cable, and consequently terminals can 
be freely moved. 
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INDUSTRIAL APPLICABILITY 

According to the present invention, the side 
lobes of the correlation coefficient can be suppressed 
with the pseudo noise code length of at least 14 as 
heretofore described. Therefore, the error rate can be 
reduced and the processing gain can be improved in a 
spread spectrum communication device and a communication 
system using the spread spectrum communication device. 



